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2001-176554 

(54) [Title of the Invention] 

Method for manufacturing an electrochemical element 

(57) [Abstract] 

[Problem] 

To provide a method for obtaining easily and with a high 
productivity an electrochemical element comprising a pair of 
electrodes disposed opposite each other with a separator therebetween, 
the separator comprising a porous membrane the pores of which are 
filled with solid electrolyte. 

[Means of Solution] 

The present invention provides a method for manufacturing an 
electrochemical element, characterized by preparing a porous 
membrane having pores for an electrochemical element separator, in 
which are supported an electrolyte salt, a solvent for this electrolyte 
salt, and a reversible gelling agent capable of forming a reversible sol- 
gel-like electrolyte composition; forming a semi-finished product of 
an electrochemical element by disposing a pair of electrodes opposite 
each other with that porous membrane therebetween; impregnating the 
semi-finished product with an electrolyte solution comprising the 
electrolyte salt and a solvent for this electrolyte salt; transforming the 
reversible sol-gel-like electrolyte composition from a gel into a sol 
state by dissolving the reversible gelling agent in the electrolyte 
solution; and gelling thereafter this sol, thereby filling the pores of the 
porous membrane with a solid electrolyte comprising a gel of the 
reversible sol-gel-like electrolyte composition. 



[Claims] 
[Claim 1] 

A method for manufacturing an electrochemical element, 
characterized by preparing a porous membrane having pores for an 
electrochemical element separator, in which are supported an 
electrolyte salt, a solvent for the electrolyte salt, and a reversible 
gelling agent capable of forming a reversible sol-gel-like electrolyte 
composition; forming a semi-finished product of an electrochemical 
element by disposing a pair of electrodes opposite each other with that 
porous membrane therebetween; impregnating the semi-finished 
product with the electrolyte solution comprising the electrolyte salt 
and a solvent for this electrolyte salt; transforming the reversible sol- 
gel-like electrolyte composition from a gel into a sol state by 
dissolving the reversible gelling agent in the electrolyte solution; and 
gelling thereafter this sol, thereby filling the pores of the porous 
membrane with a solid electrolyte comprising a gel of the reversible 
sol-gel-like electrolyte composition. 

[Claim 2] 

The method for manufacturing an electrochemical element 
according to claim 1, characterized in that the reversible sol-gel-like 
electrolyte composition changes from gel into sol by heating, and 
changes from sol into gel by cooling. 

[Claim 3] 

The method for manufacturing an electrochemical element 
according to claim 1, characterized in that the reversible gelling agent 
is an oil gelling agent. 



[Claim 4] 

The method according to any one of claims 1 to 3, wherein the 
electrochemical element is a battery element. 
[Claim 5] 

The method according to any one of claims 1 to 3, wherein the 
electrochemical element is a condenser element or a capacitor element. 
[Detailed Description of the Invention] 

[0001] [Technical Field to which the Invention Pertains] 
The present invention relates to a method for manufacturing an 
electrochemical element, and more particularly, to a method for 
manufacturing easily and with high productivity an electrochemical 
element comprising a pair of electrodes disposed opposite each other 
with a separator therebetween, such that the pores of the separator are 
filled with solid electrolyte. Such an electrochemical element can be 
suitably used for instance as a battery, a capacitor^or^a^condenser, or 
other elements. 

[0002] [Prior art] 

In the wake of the strong trend towards electronic device 
portability of recent years there has developed a pressing need for 
power sources in the form of lighter batteries having larger capacities; 
to meet this need various high-capacity secondary batteries, such as 
nickel hydride batteries, lithium ion batteries or the like have become 
ever more widely used. However, such conventional batteries use 
liquids as electrolytes, which may leak out if the battery container is 
damaged. As they use an electrolyte solution in a nonaqueous (organic) 
solvent, lithium ion secondary batteries, in particular, are very prone, 



when such leaks occur, to cause damage to the electronic device using 
the battery. 

[0003] In order to increase the energy density of batteries, 
furthermore, lithium ion secondary batteries have been proposed in 
5 recent years using a laminate film as external sheathing, instead of 

conventional metallic outer casings. Contact with other components is 
more likely to result in holes opening in the laminate film of such 
batteries wrapped in laminate film than in batteries using a metallic 
outer case, while the electrolyte solution inside the film bag is also 

10 more likely to leak out for instance if the opening of the bag is not 

completely sealed. 

[0004] Meanwhile, capacitors and the like are widely used 
in modern electronic equipment, but these employ conventionally 
nonaqueous (organic) solvents in electrolyte solutions, and thus there 

15 is a risk of the electrolyte solution leaking out to damage the 

surrounding electronic device if the outer packaging becomes 
damaged through heat or impacts. 

[0005] In order to solve such problems, it has long been 
proposed in the field of lithium batteries to use a solid electrolyte 

20 instead of a liquid electrolyte. Known such solid electrolytes include 

for instance polyalkylene ether polymer compounds such as 
polyethylene oxide, polypropylene oxide, polyethylene glycol, etc.; 
polymer components containing lithium salts, such as 
polyacrylonitrile, polyphosphazene, poly(methyl methacrylate), etc. 

25 [0006] Ionic conductivity in these conventional batteries 

using solid electrolytes, however, is markedly lower than when liquid 
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electrolytes are used, which results in batteries having a high internal 
resistance that impairs charge/discharge in practice. Furthermore, in 
cases where the shape of the electrodes changes upon charge/ 
discharge, etc., solid electrolytes cannot conform to these electrode 
5 shape changes, which gives rise to insufficient contact between 

electrodes and electrolyte impairing charge/discharge as a result. 

[0007] To improve the low ionic conductivity of such 
solid electrolytes it has been proposed for instance to blend an organic 
solvent such as propylene carbonate, y-butyrolactone, etc., as a 

10 plasticizer, into the solid electrolyte. 

[0008] For example, in J. Electrochem. Soc, Vol. 137, 
1657-1658 (1990) is proposed a sheet-like gel electrolyte in which an 
organic electrolyte solution comprising a lithium salt solved in a 
mixed solvent of propylene carbonate and ethylene carbonate is 

15 turned into a gel with polyacrylonitrile. Japanese Patent Application 

Laid-open No. HI 1-16579 proposes a gel electrolyte comprising 
polyacrylonitrile, an electrolyte salt, and a nonaqueous solvent. 
Japanese Patent Application Laid-open No. H08-298126 proposes a 
gel electrolyte using polyethylene oxide and/or polypropylene oxide 

20 as a polymer component, and y-butyrolactone as a solvent. 

[0009] Conventional solid electrolytes into which an 
organic solvent is blended are thus ordinarily called gel electrolytes. 
Compared with conventional solid electrolytes, these gel electrolytes 
show a somewhat increased ionic conductivity, but still lower 

25 nonetheless than that of liquid electrolytes. When such gel electrolytes 

are used in batteries, therefore, the internal resistance of the battery 
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does not drop enough; moreover, if the shape of the electrode changes, 
the gel electrolyte still cannot conform to the changed electrode shape. 

[0010] In addition, the proportion of the polymer 
compound in the gel electrolyte must usually be at least of about 
20wt% in order to obtain a sufficient gel state; however, a higher 
proportion of polymer compound entails a lower conductivity than for 
a liquid electrolyte, and by extension, a higher internal resistance in 
the battery, which detracts from the charge/discharge characteristic 
thereof. This trait is particularly marked at temperatures at or below 
0°C. 

[0011] Also, when the electrodes in the battery comprise 
an aggregate of particle-like or scale-like active substances with 
interstices therebetween, or comprise a porous material with 
interstices therebetween, the transfer of reactants at the electrode- 
electrolyte interface can only proceed smoothly, and thus sufficient 
charge/discharge can only be achieved, if the electrolyte is present in 
such interstices. For manufacturing an electrochemical element 
containing electrodes and a solid electrolyte and/or a gel electrolyte, 
therefore, it is necessary to fill beforehand the interstices of the 
electrodes with such electrolytes. Thus, conventional manufacture of 
electrochemical elements containing electrodes and solid electrolytes 
requires numerous operations, and suffers as a result from low 
productivity and high manufacturing costs. 

[0012] [Problem to be Solved by the Invention] 
In order to solve the above-described problems in 
electrochemical elements containing solid electrolytes, an object of 
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the present invention is to provide a method for manufacturing easily 
and with high productivity an electrochemical element comprising a 
pair of electrodes disposed opposite each other with a separator 
therebetween, the separator comprising a porous membrane the pores 
of which are filled with solid electrolyte. 

[0013] The present invention provides a method for 
manufacturing an electrochemical element, characterized by preparing 
a porous membrane having pores for an electrochemical element 
separator, in which are supported an electrolyte salt, a solvent for this 
electrolyte salt, and a reversible gelling agent capable of forming a 
reversible sol-gel-like electrolyte composition; forming a semi- 
finished product of an electrochemical element by disposing a pair of 
electrodes opposite each other with that porous membrane 
therebetween; impregnating the semi-finished product with an 
electrolyte solution comprising the electrolyte salt and a solvent for 
this electrolyte salt; transforming the reversible sol-gel-like electrolyte 
composition from a gel into a sol state by dissolving the reversible 
gelling agent in the electrolyte solution; and gelling thereafter this sol, 
thereby filling the pores of the porous membrane with a solid 
electrolyte comprising a gel of the reversible sol-gel-like electrolyte 
composition. 

[0014] [Embodiment of the Invention] 

The reversible sol-gel-like electrolyte composition according to 
the present invention comprises a reversible gelling agent, an 
electrolyte salt, and a solvent for the electrolyte salt, i.e. a solvent for 
dissolving the electrolyte salt, or a nonaqueous (organic) solvent. The 



reversible gelling agent is thus a substance that can impart reversible 
sol-gel transition ability to an electrolyte solution when compounded 
with an electrolyte solution of an electrolyte dissolved in a solvent. 

[0015] In the present invention, the term "reversible 
gelling agent" refers to a substance which forms a uniform solution 
when a composition obtained by blending the reversible gelling agent 
with a solution of an electrolyte salt dissolved therein, preferably a 
solution of a nonaqueous organic solvent (i.e., a nonaqueous 
electrolyte solution), is heated to a temperature higher than room 
temperature (25°C), for example but not limited thereto, 40 to 100°C, 
and which reversibly forms a gel composition when this solution is 
cooled to room temperature (25 °C). In principle, these are substances 
that can reversibly conduct association and dissociation, or 
mobilization and immobilization, according to the variation of 
temperature, pressure or the like; useful substances herein are, for 
example, substances which can reversibly carry out the above 
association and dissociation, or mobilization and immobilization, by 
intermolecular or intramolecular interactions, such as hydrogen bonds, 
coordinate bonds or van der Waals forces. 

[0016] According to the present invention, preferred 
examples of the reversible gelling agent used include polymers or 
oligomers which are soluble in a solvent within a temperature region 
higher than room temperature (25°C) but solidify at room temperature, 
reversibly forming a gel composition, in particular polymers or 
oligomers each having in a molecule thereof a polar group such as an 
ether group or a hydroxy! group, and in the nonaqueous electrolyte 
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solution system, a group of substances known as oil gelling agents. 

[0017] Examples of polymers having in a molecule thereof 
a polar group such as an ether group or a hydroxyl group include for 
instance polyethylene glycol, polypropylene glycol, polyethylene 
propylene glycol and polyvinyl alcohol. 

[0018] The oil gelling agent, of which various kinds are 
already known, is a chemical which can solidify the whole oil into a 
gel by the addition thereof in a small amount as, for example, 
described in "Kobunshi Kako (Polymer Processing), 45(1), 21- 
26(1996)". 

[0019] In the present invention, no particular limitation is 
imposed on the oil gelling agent insofar as it is known as an oil gelling 
agent, and thus any oil gelling agent can be used; preferred specific 
examples thereof include for instance 1 2-hydroxystearic acid, N- 
lauroyl-L-glutamic acid-a/y- bis-n-butylamide, 1,2,3,4-dibenzylidene- 
D-sorbitol, tribenzylidene sorbitol, bis(p-methyl benzylidene)sorbitol, 
aluminum dialkylphosphate, 2,3-bis-n-hexadecyloxyanthracene, 
trialkyl-cis-l,3,5-cyclohexanetricarboxyamide, 

[0020] (Formula 1) 
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[0021] 
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[0022] 
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(2) 

cholesterol derivatives represented by the above 
(Formula 2) 
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(4) 

[0023] cyclohexanediamine derivatives represented by the 
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above formula, 



[0024] (Formula 3) 




(5) 

[0025] and allophanate derivatives represented by the above 
formula. 

[0026] Examples of the electrolyte salt used in the present 
invention include salts containing, as a cationic component, a 
hydrogen ion, an ion of an alkali metal such as lithium, sodium or 
potassium, an ion of an alkaline earth metal such as calcium or 
strontium, or a tertiary or quaternary ammonium ion and, as an 
anionic component, an inorganic acid such as hydrochloric acid, nitric 
acid, phosphoric acid, sulfuric acid, tetrafluoroboric acid, hydrofluoric 
acid, hexafluorophosphoric acid or perchloric acid, or an organic acid 
such as an organic carboxylic acid, a fluorine-substituted organic 
carboxylic acid, an organic sulfonic acid or a fluorine-substituted 
organic sulfonic acid. Of those, electrolyte salts containing as a 
cationic component an alkali metal ion are preferably used. 

[0027] Specific examples of such an electrolyte salt 
containing an alkali metal ion as a cationic component include alkali 
metal perchlorates such as lithium perchlorate, sodium perchlorate 
and potassium perchlorate; alkali metal tetrafluoroborates such as 
lithium tetrafluoroborate, sodium tetrafluoroborate and potassium 
tetrafluoroborate; alkali metal hexafluorophosphates such as lithium 
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hexafluorophosphate and potassium hexafluorophosphate; alkali metal 
trifluoroacetates such as lithium trifluoroacetate; and alkali metal 
trifluoromethanesulfonates such as lithium trifluoromethanesulfonate. 

[0028] In the present invention, the nonaqueous (organic) 
solvent for the electrolyte salt is appropriately selected without 
particular limitation insofar as it dissolves therein the electrolyte salt 
used; examples thereof include cyclic esters such as ethylene 
carbonate, propylene carbonate, butylene carbonate and y- 
butyrolactone; ethers such as tetrahydrofuran and dimethoxyethane; 
chain esters such as dimethyl carbonate, diethyl carbonate and ethyl 
methyl carbonate, among others. The foregoing can be used alone or 
as mixtures of 2 or more thereof 

[0029] The amount of the reversible gelling agent is 
appropriately determined depending not only on the nature thereof, 
but also on the electrolyte salt or solvent used, with a view of forming 
an effective reversible sol-gel-like electrolyte composition by 
dissolving in a nonaqueous electrolyte solution; ordinarily, the amount 
of reversible gelling agent ranges from 0.1 to 20wt%, preferably from 
1 to 10wt%, relative to the obtained reversible sol-gel-like electrolyte 
composition. Depending on the gelling agent used, a sufficiently 
effective reversible sol-gel-like electrolyte composition may also be 
formed with amounts ranging from 1 to 5wt%. 

[0030] The amount of the electrolyte salt in the 
nonaqueous electrolyte solution is appropriately determined 
depending not only on the nature thereof but also on the reversible 
gelling agent and/or solvent used; ordinarily, the amount of electrolyte 
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salt ranges from 1 to 20wt% relative to the obtained reversible sol-gel- 
like electrolyte composition. 

[0031] In the present invention, thus, a reversible sol-gel- 
like electrolyte composition can be obtained by compounding a small 
amount of reversible gelling agent with a nonaqueous electrolyte 
solution; since the amount of reversible gelling agent is small, the 
solid electrolyte obtained through gelling of such a reversible sol-gel- 
like electrolyte composition shows a small drop in conductivity, and 
also a small conductivity drop at low temperatures, as compared with 
former nonaqueous electrolyte solutions, and affords thus superior 
charge/discharge properties in batteries. 

[0032] The reversible sol-gel-like electrolyte composition 
according to the present invention is characterized in forming a sol by 
adding the reversible gelling agent to a nonaqueous electrolyte 
solution comprising an electrolyte salt dissolved in a nonaqueous 
solvent, and then heating preferably to, for instance, at least 40°C, and 
by stirring, such that a gel can then be reversibly formed by cooling 
the sol to room temperature (25°C). 

[0033] In the present invention, the porous membrane 
having pores for a separator in an electrochemical element is a porous 
membrane having pores, and in which is supported a reversible 
gelling agent capable of forming a reversible sol-gel-like electrolyte 
composition by, as explained above, dissolving into an electrolyte 
solution in which an electrolyte salt is dissolved. 

[0034] The porous membrane used in the present 
invention is not particularly restricted, and various types thereof may 
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be used, provided that it does not dissolve in the nonaqueous solution 
for dissolving the electrolyte salt, lacks electron conductivity, and is 
electrochemically stable; preferred porous membranes are those 
comprising polyolefin resins such as polyethylene, polypropylene, etc.; 
and fluororesins, such as a polytetrafluoroethylene resin, etc. A porous 
membrane comprising polyimide resin and/or glass fibers may also be 
used. 

[0035] The thickness of such porous membranes ranges 
preferably from 10 to 200 jam. A thickness below 10 jim results in 
insufficient membrane strength and, when assembled as a separator in 
an electrochemical element, may give rise to internal shorts, etc.; on 
the other hand, a thickness above 200 ^im entails an excessive distance 
between electrodes and needlessly increases the internal resistance of 
the electrochemical element. The porous membrane has preferably a 
piercing strength of 100 gf or more. If the piercing strength is too low, 
the porous membrane may not withstand the surface pressure of the 
electrodes when built into the electrochemical element, and may give 
rise to internal shorts. 

[0036] The average pore diameter of the pores in the 
porous membrane ranges preferably from 0.01 to 10 jim. An 
excessively large average pore diameter might cause the electrode 
material to destroy the gel electrolyte portions, giving rise to internal 
shorts. On the other hand, if the average pore diameter is too small, 
the separator obtained by filling such a porous membrane with 
electrolyte has insufficient ionic conductivity, and as a result the 
performance of the obtained electrochemical element becomes also 
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impaired. 

[0037] The porous membrane has preferably a high 
porosity, but for satisfying the above-described conditions a porosity 
of 25 to 90% is ordinarily sufficient. An excessive porosity, though 
not detrimental in terms of ionic conductivity, results in lower 
membrane strength and larger pore diameters, with the above- 
described drawbacks. On the other hand, if the porosity is too low, the 
separator obtained has insufficient ionic conductivity, as was the case 
for an excessively small average pore diameter, and as a result the 
performance of the obtained electrochemical element becomes also 
impaired. 

[0038] There is no particular limitation imposed as to how 
the gelling agent is supported in the porous membrane; for instance, a 
solution may simply be prepared by dissolving the gelling agent in a 
suitable solvent, then the membrane may be impregnated in this 
gelling agent solution, after which the solvent can be removed from 
the porous membrane. The gelling agent solution forms a sol or a gel 
depending on the solvent, the gelling agent, the temperature, etc.; 
when a sol, the porous membrane may simply be impregnated with 
the sol as is, and when a gel, the porous membrane may be 
impregnated after transition into a sol. The gelling agent solution may 
be applied onto the surface of the porous membrane through coating, 
spraying or the like. Once the gelling agent solution is supported in 
the porous membrane, the solvent can be removed to yield a gelling 
agent supported in a porous membrane. 

[0039] For removing the solvent from the porous 
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membrane after impregnating the latter in gelling agent solution, 
ordinarily the porous membrane simply needs to be heated and dried, 
though depending on the circumstances procedures such as solvent 
substitution, etc., may also be used. 

[0040] The porous membrane having pores for an 
electrochemical element separator used in the present invention 
supports thus a reversible gelling agent; therefore, an electrochemical 
element comprising a pair of electrodes disposed opposite each other 
with a separator therebetween, such that the pores of the separator are 
filled with solid electrolyte, can be obtained by forming a semi- 
finished product of an electrochemical element by disposing a pair of 
electrodes opposite each other with that porous membrane 
therebetween, impregnating the semi-finished product with an 
electrolyte solution comprising the electrolyte salt and a solvent for 
this electrolyte salt, transforming the reversible sol-gel-like electrolyte 
composition from a gel into a sol state by dissolving the reversible 
gelling agent in the electrolyte solution, and, through gelling of the sol, 
filling thereafter the pores of the porous membrane with a solid 
electrolyte comprising the gel of the reversible sol-gel-like electrolyte 
composition. 

[0041] More specifically, the porous membrane for the 
separator is laminated onto electrodes, or is combined therewith by 
rolling, etc., to dispose thereby a pair of electrodes opposite each other 
with the porous membrane interposed in between; the whole is then 
arranged inside for instance a battery sheathing to be built into a so- 
called semi-finished product, after which the interior of the sheathing 
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is filled with electrolyte solution; the reversible gelling agent 
supported in the porous membrane is then dissolved in the electrolyte 
solution through heating, or some other suitable procedure, to prepare 
thereby a reversible sol-gel-like electrolyte composition inside the 
sheathing; the reversible sol-gel-like electrolyte composition is 
subsequently gelled by cooling to yield thereby, in a simple way and 
with high productivity, an electrochemical element in which 
electrodes are arranged with interposed separators, the separators 
comprising a porous membrane the pores whereof are filled with solid 
electrolyte. 

[0042] The electrochemical element thus obtained, 
furthermore, has a small internal resistance, since the electrolyte 
contained therein is a solid, which precludes leaking; also, when the 
electrodes are made of porous material, the interstices of the 
electrodes are impregnated with electrolyte solution in the sol state, 
which after gelling forms a solid electrolyte that allows maintaining 
full contact between electrodes. 

[0043] [Examples] 

The present invention is explained below by way of examples, 
though it is not meant in any way to be limited to or by them. 

[0044] Example 1 

(Manufacture of a positive electrode sheet) 

Lithium cobalt oxide (LiCo02, average particle size 15 jim), 
graphite powder and polyvinylidene fluoride resin were mixed at a 
weight ratio of 85:10:5; the mixture was added to N-methyl-2- 
pyrrolidone and was stirred to prepare a slurry having a solids 
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concentration of 15wt%. Using a coater, the slurry was applied onto 
the face of a 20 jim thick aluminum foil (collector) to a thickness of 
200 jim, then the applied slurry was dried at 80°C for 1 hour, after 
which the slurry was also applied to a thickness of 20 jim onto the 
back of the aluminum foil, and was dried. The aluminum foil thus 
treated was heated next at 120°C for 2 hours and was dried, and was 
passed then through a roll press to prepare thereby a 200 jim thick 
positive electrode sheet. 

[0045] (Manufacture of a negative electrode sheet) 
Graphite powder and polyvinylidene fluoride resin were mixed 
at a weight ratio of 95:5; the mixture was added to N-methyl-2- 
pyrrolidone and was stirred to prepare a slurry having a solids 
concentration of 15wt%. Using a coater, the slurry was applied onto 
the face of a 20 jim thick copper foil (collector) to a thickness of 200 
jim, then the applied slurry was dried at 80°C for 1 hour, after which 
the slurry was also applied to a thickness of 200 |nm onto the back of 
the copper foil, heated at 80°C for 1 hour and was dried. The copper 
foil thus treated was heated next at 120°C for 2 hours and was dried, 
and was passed then through a roll press to prepare thereby a 200 jiim 
thick negative electrode sheet. 

[0046] (Preparation of a porous membrane supporting a 
gelling agent) 

5wt% of the gelling agent represented by formula (5) were 
dissolved in ethanol at 70°C, then a porous membrane of ultrahigh 
molecular-weight polyethylene resin (membrane thickness 40 jim, 
porosity 81%, average pore diameter 1.5 jim) was immersed in the 
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solution at 70°C, and was thereafter dried at 60°C for 10 minutes to 
yield a porous membrane supporting a gelling agent at a rate of 0.7 
mg/cm 2 . 

[0047] (Preparation of an electrolyte solution) 
A nonaqueous electrolyte solution was prepared by dissolving 
to a concentration of 1 mol/L lithium hexafluorophosphate (LiPF6) as 
the electrolyte in a solvent mixture of ethylene carbonate and 
propylene carbonate mixed at a weight ratio of 1 : 1 . 
[0048] (Manufacture of a battery) 

The positive electrode sheet was cut to a width of 58 mm and a 
length of 550 mm, while the negative electrode was cut to a width of 

59 mm and a length of 600 mm, and leads were attached to the 
collectors thereof The electrode sheets were alternately laminated 
with a porous membrane supporting the gelling agent cut to a width of 

60 mm; the whole was then rolled in a coil-shape, with the porous 
membrane positioned on the outermost sides, to yield a cylinder; the 
porous membrane on the outermost side was fixed to the inner porous 
membrane using adhesive tape to manufacture thereby a semi-finished 
product. This semi-finished product was inserted in a battery case 
made of aluminum and, separately, the semi-finished product was also 
inserted in a battery bag made of polyethylene terephthalate film 
metallized with aluminum. 

[0049] Next, the above nonaqueous electrolyte solution 
was filled in the battery case and the battery bag, the opening of the 
battery case was closed with a lid, and the opening of the battery bag 
was sealed through heat-sealing; after thermal treatment at 85°C for 2 
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hours, the batteries were cooled to room temperature to yield 
respectively lithium ion secondary batteries as an encased battery or a 
sheathed battery. 

[0050] Example 2 

10 wt% of the gelling agent represented by formula (5) were 
dissolved in y-butyrolactone at 80°C, then a porous membrane of 
ultrahigh molecular-weight polyethylene resin (membrane thickness 
40 |im, porosity 81%, average pore diameter 1.5 |tim) was immersed in 
the solution at 80°C, and was then cooled to room temperature to 
yield a porous membrane supporting a y-butyrolactone gel. This 
porous membrane was then immersed in ethanol at room temperature 
for 2 minutes to replace y-butyrolactone by ethanol and precipitate 
thereby the gelling agent into the supporting porous membrane. The 
porous membrane thus processed was next heated at 60°C for 10 
minutes to vaporize the ethanol and yield thereby a porous membrane 
supporting a gelling agent at a rate of 1 .0 mg/cm 2 . 

[0051] Lithium ion secondary batteries, as encased and 
sheathed batteries, were obtained then as in Example 1 but using 
herein the porous membrane supporting a gelling agent prepared 
above. 

[0052] Example 3 

10 wt% of 12-hydroxystearic acid was dissolved in y- 
butyrolactone at 80°C, then a porous membrane of ultrahigh 
molecular-weight polyethylene resin (membrane thickness 40 jim, 
porosity 81%, average pore diameter 1.5 jim) was immersed in the 
solution at 80°C, and was then cooled to room temperature to yield a 



22 



porous membrane supporting a y-butyrolactone gel. This porous 
membrane was the immersed in ethanol at room temperature for 2 
minutes to replace y-butyrolactone by ethanol and precipitate thereby 
the gelling agent into the supporting porous membrane. The porous 
membrane thus processed was next heated at 60°C for 10 minutes to 
vaporize the ethanol and yield thereby a porous membrane supporting 
a gelling agent at a rate of 1 .2 mg/cm 2 . 

[0053] Lithium ion secondary batteries, as encased and 
sheathed batteries, were obtained then as in Example 1 but using 
herein the porous membrane supporting a gelling agent prepared 
above. 

[0054] Example 4 

Lithium ion secondary batteries, as encased and sheathed 
batteries, were obtained as in Example 1 but preparing herein a porous 
membrane supporting a gelling agent at a rate of 0.4 mg/cm 2 on a 
polyethylene-resin porous membrane (membrane thickness 27 jim, 
porosity 45%). 

[0055] Example 5 

Lithium ion secondary batteries, as encased and sheathed 
batteries, were obtained as in Example 1 but preparing herein a porous 
membrane supporting a gelling agent at a rate of 0.9 mg/cm 2 on a 
polypropylene-resin nonwoven fabric (thickness 150 jim, porosity 
50%). 

[0056] Comparative example 1 

Lithium ion secondary batteries, as encased and sheathed 
batteries, were obtained as in Example 1 but using herein a porous 
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membrane of ultrahigh molecular-weight polyethylene resin 
(membrane thickness 40 |im, porosity 81%, average pore diameter 1.5 
jxm) instead of the porous membrane supporting a gelling agent. 
[0057] Comparative example 2 

Lithium ion secondary batteries, as encased and sheathed 
batteries, were obtained as in Example 1 but using herein a porous 
membrane of polyethylene resin (membrane thickness 27 jxm, porosity 
45%) instead of the porous membrane supporting a gelling agent. 

[0058] Comparative example 3 

Lithium ion secondary batteries, as encased and sheathed 
batteries, were obtained as in Example 1 but using herein a 
polypropylene-resin nonwoven fabric (thickness 150 |xm, porosity 
45%). instead of the porous membrane supporting a gelling agent. 

[0059] Comparative example 4 

A nonaqueous electrolyte solution was obtained by dissolving 
lithium perchlorate (LiC104) in propylene carbonate to a 
concentration of 1 mol /L; to this solution was added 30wt% of 
polyethylene oxide (from Aldrich, average molecular weight 900,000) 
which was dissolved through heating, after which the resulting 
solution was cast on a stainless steel plate and was cooled to form a 
sheet; this sheet was heated at 60 °C for 2 hours in vacuum and was 
dried to yield a sheet-like gel electrolyte. 

[0060] The gel electrolyte sheet thus obtained was 
alternately laminated, in lieu of the porous membrane supporting a 
gelling agent, with electrode sheets as in Example 1, the whole was 
then rolled into a cylinder, with the separator positioned on the 
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outermost side, to form a hollow cylinder. The sheet-like electrolyte 
on the outermost side was fixed to the sheet-like electrolyte on the 
inner side, to manufacture thereby an electrochemical element. This 
electrochemical element was inserted in a battery case made of 
5 aluminum and, separately, the semi -finished product was also inserted 

in a battery bag made of polyethylene terephthalate film metallized 
with aluminum, to yield respectively lithium ion secondary batteries 
as an encased battery or a sheathed battery. 

[0061] The internal resistance of the obtained batteries 

10 was measured; also, 1 mm-diameter holes were opened on the 

external covers, then the batteries were left to stand for 30 minutes, 
with the holes facing down, and the weight of the batteries before and 
after being turned over and left to stand was measured to assess the 
occurrence of electrolyte (liquid) leaks. The results are shown in 

15 Table 1. The internal resistance of the batteries was measured at a 

frequency of 10 kHz using a LCR meter (KC-546, from Kokuyo 
Electric, Co.) 

[0062] The results in Table 1 show that the batteries 
according to the present invention had small internal resistance and no 
20 liquid leaks. 



[0063] Table 1 





Internal resistance (m Q) 


Occurrence of leaking 




Encased 


Sheathed 


Encased 


Sheathed 




battery 


battery 


battery 


battery 


Example 1 


240 


290 


No 


No 


2 


250 


300 


No 


No 


3 


265 


310 


No 


No 


4 


250 


300 


No 


No 
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5 


315 


345 


No 


No 


Comparative 
example 1 


215 


280 


Yes 


Yes 


2 


220 


290 


Yes 


Yes 


3 


290 


310 


Yes 


Yes 


4 


900 


1200 


No 


No 



[0064] [Effect of the Invention] 

According to the method of the present invention, as explained 
above, an electrochemical element can be manufactured easily and 
with a high productivity by preparing a porous membrane supporting 
a reversible gelling agent for an electrochemical element separator, 
forming a semi-finished product of an electrochemical element by 
disposing a pair of electrodes opposite each other with that porous 
membrane therebetween; impregnating the semi-finished product with 
an electrolyte solution comprising an electrolyte salt and a solvent for 
this electrolyte salt, transforming the reversible sol-gel-like electrolyte 
composition from a gel into a sol state by dissolving the reversible 
gelling agent in the electrolyte solution, and gelling thereafter this sol, 
thereby filling the pores of the porous membrane with a solid 
electrolyte comprising a gel of the reversible sol-gel-like electrolyte 
composition. Such an electrochemical element can be preferably used 
to manufacture batteries, condensers, capacitors or the like. 
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40 (B&*a m) siKc-5 4 6) zmi^x. m& 
ai o kH zizxm&Ltzo 

[0 0 6 2] SlffllS^C,, ^ftB^ro^lZ.fci.mjfe 
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